Introduction
The natural breeding season of the red deer (Cervus elaphus) occurs in October and calves are born in June. However, it would be commercially advantageous on many farms for birth dates to be earlier in the year so that the dam produces more milk from spring grass and the calves can reach slaughter weight before winter. The timing of the breeding season is principally controlled, as it is in the sheep, by the seasonal reduction in daylength (Marshall, 1937) . Detailed studies on sheep have demonstrated that it is the daily pattern of secretion of the pineal hormone, melatonin, that relays the effect of photoperiod on reproduction (Bittman, Dempsey & Karsch, 1983) . Plasma concen¬ trations of melatonin are elevated during darkness (Arendt, Symons & Laud, 1981) but can also be raised to nocturnal values during daylight by oral administration of melatonin (Kennaway & Seamark, 1980) . Feeding melatonin in the afternoon therefore signals early sunset (hence short days) and, given daily over a period, has been shown to induce the early onset of the breeding season in ewes (Kennaway, Gilmore & Seamark, 1982; Arendt, Symons, Laud & Pryde, 1983) and male white-tailed deer (Bubenik, 1983) . Such treatment has also been shown to advance breeding activity in the red deer stag and non-lactating hinds (Adam & Atkinson, 1984; Nowak, Elmhurst & Rodway, 1985 Henricks, Dickey & Hill (1971) , as described by Adam & Atkinson (1984) . The antiserum (HP/S/53-IIC from Guildhay Antisera, University of Surrey, U.K.) was raised in sheep to progesterone-1 la-hemisuccinate-ovalbumen and cross-reactions were 0-3% with 17-hydroxyprogesterone, 0-8% with corticosterone, 0-9% with deoxycorticosterone and negli¬ gible for other steroids tested. Intra-and inter-assay coefficients of variation were 9 and 13% respectively. The sensitivity of the assay was 0-2 ng/ml.
Results
The melatonin-fed stag shed the antler velvet on 22 July, the hardened antlers were removed on 26 July, and he showed precocious development of rutting behaviour. These events occurred 5 weeks earlier than those for the untreated stag in Group C, and another untreated stag not included in this study, which shed the velvet on 27 August and had the antlers removed on 31 August.
Reproductive status in the hinds was determined from progesterone concentrations in their peripheral plasma, as described previously (Adam, Moir & Atkinson, 1985) . Plasma progesterone remained low ( < 1 ng/ml) in all hinds during the summer (after calving) and the first ovulation of the breeding season was judged to have occurred on the day which was immediately followed by a sustained increase in plasma progesterone above 1 ng/ml. Conception at a particular ovulation was diagnosed if the progesterone concentration remained consistently high thereafter. The mean date (Fig. 1) . Hinds in Group M were seen to be growing their winter coat prematurely at the end of August/beginning of September while Group C hinds still retained the characteristic red summer coat.
Discussion
Feeding melatonin in the afternoon to groups of hinds at pasture clearly advanced by about 5 weeks the onset of the breeding season in both lactating and non-lactating animals, a similar advance to that seen in individually-fed non-lactating hinds indoors (Adam & Atkinson, 1984) , but in contrast to the results for lactating hinds reported by Nowak et al. (1985) . However, unlike previous observations (Adam et al, 1985) , non-lactating hinds did not start ovarian activity earlier than lactating hinds within the control or treatment groups.
Although group-feeding was competitive and individual intakes might have varied from day to day, treated deer evidently received sufficient daily melatonin to elicit the early-breeding response seen when animals are fed melatonin individually (Adam & Atkinson, 1984 Webster & Barrell (1985) have demonstrated similar advancement of the breeding season in red deer subjected to artificially shortened daily photoperiod or daily melatonin treatments, it was considered likely that the intake of melatonin in the present trial signalled 'darkness' and hence 'short days' which induced reproductive activity. The mean duration of exposure to melatonin-induced 'short days' before hinds had their first ovulation was 80-90 days.
The stag given a daily allowance of about 5 mg melatonin from June showed an advance in his seasonal sexual development similar to the stag of similar live weight given 10 mg melatonin daily (Adam & Atkinson, 1984) and to stags implanted with melatonin in May (Lincoln, Fraser & Fletcher, 1984) . Stags apparently require a shorter duration of'short-day' stimulus than do hinds, and indeed the stag fed melatonin along with hinds in the present study shed the antler velvet after just 35 days and was in full rut at least 2 weeks before the first of the hinds came into oestrus. As the treated and control hinds in adjacent paddocks were exposed to possible pheromonal effects of the early-rutting stag, it is unlikely that these effects alone could account for the advance in onset of ovarian activity shown by melatonin-treated hinds over controls (in agreement with Adam & Atkinson, 1984) . In sheep, however, there is clearly a 'ram effect' which can advance the onset of oestrous cyclicity in some ewes, and the presence of a male can reduce the interval from start of treatment to onset of ovarian activity in ewes given melatonin (Robinson, Aitken, Atkinson & Fraser, 1985) .
Most importantly, the trial clearly demonstrated that the early-induced rut in the stag and oestrus in the hind were entirely normal and fertile. Hinds do not generally show silent heat at the start of their normal breeding season and they usually mate successfully at their first ovulation (Adam et al, 1985) . The melatonin-induced early breeding season is apparently no different: most treated hinds conceived at their first ovulation and most calves will therefore be born 5 weeks earlier than usual.
Calves grew at a similar rate throughout whether their dams were melatonin-treated or not (Fig. 1 ). This was interpreted as an indication that the pattern of lactation in the hind was not affec¬ ted by exogenous melatonin. The actual calf growth rates could only have been achieved on a diet chiefly of milk at least until September, after which intake of pasture may have made an increasing contribution (C. L. Adam, unpublished data). Hinds on good quality sown pastures lactate well with relatively high daily milk yields for at least 100 days until mid-September (Loudon, Darroch & Milne, 1984) . The total lactation may last 160-280 days (Arman, Kay, Goodall & Sharman, 1974) but less if the hind becomes pregnant (Krzywinski, Krzywinska, Kisza, Roskosz & Kruk, 1980) . However, in the present study melatonin-treated hinds that became pregnant 9 weeks before removal of their suckled calves did not show a markedly earlier decline in milk production, as judged by the calf growth rates, compared with control hinds that became pregnant 5 weeks later.
Long exposure to melatonin is known to cause growth of winter coat and anorexia in many mammalian species (Lincoln, 1983) . The melatonin-treated hinds in the present trial indeed showed premature coat change, and they also tended to lose more live weight than controls, especially if lactacting, from June to November. Most of this loss occurred during September and could well have reflected an early seasonal decline in appetite, occurring at a time when nutritional require¬ ments remained relatively high for hinds suckling calves. However, the live weight of all hinds was high at the start of the study and the weight loss was evidently not sufficiently severe to affect fertility (Hamilton & Blaxter, 1980) and the establishment of pregnancy.
In conclusion, it is clear that daily melatonin feeding can effectively advance the breeding season in male and female red deer at pasture, whether the hinds are lactating or not, without affecting the live-weight gain of suckled calves, and without adverse effects on fertility. Thus the calving season is effectively advanced and the method could be used to commercial advantage on the farm.
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